We calculate the correction-to-scaling exponent ω T that characterizes the approach to the scaling limit in multicomponent polymer solutions. A direct Monte Carlo determination of ω T in a system of interacting self-avoiding walks gives ω T = 0.415 ± 0.020. A field-theory analysis based on five-and six-loop perturbative series leads to ω T = 0.41 ± 0.04. We also verify the renormalization-group predictions for the scaling behavior close to the idealmixing point.
I. INTRODUCTION
The behavior of dilute or semidilute solutions of long polymers have been investigated at length by using the renormalization group, 1-3 which has explained the scaling behavior observed in these systems and has provided quantitative predictions that become exact when the degree of polymerization becomes infinite. Most of the work has been devoted to binary systems, i.e. to solutions of one polymer species in a solvent. The method, however, can be extended to multicomponent polymer systems, i.e. to solutions of several chemically different polymers. The general theory has been worked out in detail in Refs. 4-6. In the good-solvent regime in which polymers are swollen, the scaling limit does not change. For instance, the radius of gyration R g increases as N ν , where 7, 8 ν ≈ 0.5876 and N is the length of the polymer. However, the presence of chemically different polymers gives rise to new scaling corrections in quantities that are related to the polymer-polymer interaction. In the dilute regime one may consider, for instance, the second virial coefficient B 2 between two polymers of different species. Its scaling behavior is [4] [5] [6] B 2 = A(R g,1 R g,2 ) 3/2 1 + a(R g,1 R g,2 ) −ω T /2 + · · · + b(R g,1 R g,2 ) −ω/2 + · · · , (1.1)
where R g,1 and R g,2 are the gyration radii of the two polymers, A, a, b are functions of R g,1 /R g,2 , and ω T , ω are correction-to-scaling exponents. Eq. (1.1) is valid for long polymers in the good-solvent regime; more precisely, for N 1 , N 2 → ∞ at fixed N 1 /N 2 (or, equivalently, at fixed R g,1 /R g,2 ), where N 1 and N 2 are the lengths of the two polymers. The exponent ω is the one that controls the scaling corrections in binary systems. The most accurate estimate of the exponent so far yields 7 ∆ = ων = 0.517 ± 0.007
−0.000 , corresponding to ω = 0.880 ± 0.012
+0.017
−0.000 . The exponent ω T is a new exponent that characterizes multicomponent systems. Perturbative calculations 9, 6 indicate that ω T is quite small, ω T ≈ 0.4. Thus, scaling corrections decrease very slowly in multicomponent systems and can be quite relevant for the values of N 1 and N 2 that can be attained in practice. Therefore, the determination of the scaling behavior in multicomponent systems may require extrapolations in N 1 and N 2 , which, in turn, require a precise knowledge of the scaling exponents.
In this paper we improve the previous determinations The paper is organized as follows. In Sec. II we present our renormalization-group calculations. In Sec. III we determine the correction-to-scaling exponent by means of a Monte Carlo simulation. In Sec. IV we discuss the ideal-mixing point where the effective interaction between the two chemically different species vanishes. Conclusions are presented in Sec. V.
II. PERTURBATIVE DETERMINATION OF ω T
The starting point of the calculation is the Landau-Ginzburg-Wilson Hamiltonian
where φ 1 and φ 2 are n-component fields. As usual, the polymer theory is obtained in the limit n → 0. In this specific case, the fixed-point structure of the theory is particularly simple and is explained in detail in Ref. 6 . One finds that the β functions satisfy the following properties: 
At order ǫ 3 it agrees with that given in Ref. 6 . In the fixed-dimension MZM scheme we have at six loops
where g is the four-point zero-momentum renormalized coupling normalized so that β(g) =
, as used in, e.g., Ref. 13 ; the fixed point corresponds to 14-18 g * = 1.40 ± 0.02. In order to obtain quantitative predictions, the perturbative series must be properly resummed. We use here the conformal-mapping method 13, 19 that takes into account the large-order behavior of the perturbative series.
From the standard ǫ expansion we obtain in three dimensions (ǫ = 1) ω T = 0.42 ± 0.04, while in the fixed-dimension MZM scheme we find ω T = 0.37 ± 0.04. Using the pseudo-ǫ expansion, Ref. 20 obtained ω T = 0.380 ± 0.018 in the MZM scheme. Though compatible, the MZM result is lower than the ǫ-expansion one. This phenomenon also occurs for other exponents and is probably related to the nonanalyticity of the renormalization-group functions at the fixed point.
14,21,15,16
A more precise estimate is obtained by considering ζ ≡ ω T − ω/2. The perturbative expansion of ζ has smaller coefficients than that of ω T and thus ζ can be determined more precisely. Its ǫ expansion is
The term proportional to ǫ is missing, while the other coefficients are smaller by a factor of 5-10 approximately. Similar cancellations occur in the MZM scheme:
Resumming the perturbative series, we obtain
We can combine these estimates with those for ω. If we use the Monte Carlo result of Ref. 7 reported in the introduction, we obtain ω T = 0.433 ± 0.016
If instead we use the field-theory estimates of ω reported in Ref. 17 , we obtain
Collecting results, we estimate
where the error should be quite conservative.
III. MONTE CARLO RESULTS
In order to determine ω T numerically, we consider lattice self-avoiding walks (SAWs)
with an attractive interaction −ǫ between nonbonded nearest-neighbor pairs. If β ≡ ǫ/kT is the reduced inverse temperature, this model describes a polymer in a good solvent as long as β < β θ , where β θ ≈ 0.269 corresponds to the collapse θ transition. 22, 23 We consider two walks with different interaction energies ǫ 1 and ǫ 2 , i.e. with different β 1 and β 2 . We assume β 1 , β 2 < β θ , so that both walks are in the good-solvent regime. Then, we consider the second virial coefficient
where the statistical average is over all pairs of SAWs such that the first one starts at the origin, has N 1 steps, and corresponds to an inverse reduced temperature β 1 ; the second one starts at r, has N 2 steps, and corresponds to an inverse reduced temperature β 2 . Here
is the reduced interaction energy: H(1, 2) = +∞ if the two walks intersect each other; otherwise, H(1, 2) = −β 12 N nnc , where N nnc is the number of nearest-neighbor contacts between the two walks and β 12 ≡ ǫ 12 /kT is the reduced inverse temperature. In order to generate the walks we use the pivot algorithm [24] [25] [26] [27] [28] with a Metropolis test, while the second virial coefficient is determined by using the hit-or-miss algorithm discussed in Ref. 29 . We study the invariant ratio
where R g (N; β) is the radius of gyration. As we have already discussed, in the limit
where f (x) is universal. This applies for β 1 , β 2 < β θ and, as we shall see, for β 12 sufficiently small. Note that all the dependence on the inverse temperatures is encoded in a function of a single variable. Moreover, f (x) is also the scaling function associated with a polymer solution made of two different types of polymers that have the same chemical composition
The function f (x) satisfies the condition f (x) = f (1/x) and de Gennes' relation
We will be interested here in the corrections to Eq. (3.3). In the scaling limit we can write
where
1/2 , and we have neglected the contributions of the additional correction-to-scaling operators with renormalization-group dimensions −ω i . They give rise to additional corrections proportional to x −p , p = nω T + mω + n i ω i . Little is known about ω i , though we expect them to satisfy ω i > ω T , ω i > ω.
In the following we will assume that all such exponents satisfy ω i 3ω T ≈ ω T + ω. The scaling functions g nm (ρ) are universal once a specific normalization has been chosen. Instead, the coefficients a nm depend on the model and, in particular, on the specific values of the parameters β 1 , β 2 , and β 12 .
We 
and β 2 are varied. In Fig. 2 we report results for shorter walks for different pairs of β 1 and β 2 , and also for walks with N 1 = 4N 2 . Note that β 12,c depends very little on the parameters β 1 and β 2 .
In order to determine ω T , we have considered the data with β 12 = 0, 0.05, 0.10, 0.15 that are sufficiently far from the critical value β 12,c . We performed a fit that is linear in ω T ln[A 2 (N; Table I .
The systematic error reported there gives the variation of the estimate as ω a and ω b vary within the reported errors. The results with N min = 250 and 500 are compatible within errors and thus we can take the estimate that corresponds to N min = 500 as our final result.
To be conservative, however, the error bar takes also into account the possibility that the As a check we perform a nonlinear fit of the form (fit 2)
since, x ∼ N ν , we can also fit the data to (fit 3)
where ∆ T = ω T ν. The results are reported in Table I 
IV. IDEAL-MIXING POINT
In this section we consider the behavior close to the ideal-mixing point (IMP) β 12,c where the effective interaction between the two chemically different species vanishes. The renormalization-group analysis is presented in Ref. 6 . The behavior is controlled by an unstable fixed point characterized by an unstable direction with renormalization-group dimension y I = 2/ν − 3 and by a stable direction with exponent −ω, where ω ≈ 0.88 is the usual correction-to-scaling exponent. These results imply that close to the IMP a renormalizationgroup invariant quantity R (for instance, the invariant ratio A 2 introduced above) scales 
where β 12,c also depends on β 1 and β 2 , and φ ≡ νy I = 2 − 3ν = 0.2372 ± 0.0003. small close to it. In the following we verify numerically predictions (4.5) and (4.6).
In Fig. 3 we show β Note that the dependence on β 1 and β 2 is tiny.
Then, we verify Eq. (4.6). In Fig. 4 we report A 2 vs the scaling variable (β 12 − β On the other hand, for β 12 = 0 (resp. β 12 = 0.15) we find A 2 = 5.790 ± 0.005 (resp.
A 2 = 5.232 ± 0.005) for N = N 1 = N 2 = 64000. Even if the walks are very long, there is still a 5% discrepancy. For N = 1000, differences are larger, approximately of 15%.
In order to obtain a better qualitative understanding of the corrections we have also performed additional simulations. The results are reported in Fig. 2 . The qualitative behavior is very similar in all cases and almost independent of β 1 and β 2 . In particular, corrections appear to vanish in all cases for 0.05 β 12 0.10 and to increase strongly for β 12 0.20.
Morever, β 12,c is always close to β θ , and shows a tiny dependence on β 1 and β 2 .
The discussion presented here addressed the behavior of multicomponent solutions, but it should be noted that the results are also relevant for copolymers in which chemically different polymers are linked together. while the second one is the systematic error. DOF is the the number of degrees of freedom of the fit.
Fit 3 provides an estimate of ∆ T = νω T . We compute ω T = ∆ T /ν by using ν = 0.5876 ± 0.0001. 
